Extracellular intermediates of glucose metabolism: fluxes of endogenous lactate and alanine through extracellular pools in embryonic sympathetic ganglia.
The flux rates of lactate and alanine in and out of the cells of an intact tissue, which cannot be measured directly because some of the released materials are reabsorbed, were determined by computer analysis of uptakes and outputs by the whole tissue in the presence of various concentrations of these substances. The outputs of labeled lactate and alanine from [U-14C]glucose and the uptakes of [U-14C]lactate and [U-14C]alanine were measured on intact sympathetic ganglia excised from 15-day-old chicken embryos. The volume and time constant of the extracellular space were measured using labeled lactate, alanine, and sucrose. Models, which mathematically described the cellular uptakes and outputs as functions of the extracellular concentrations, were used to predict the exchanges that would be observed on the whole tissue, and their parameters were adjusted for best fit to the actual observations. The fitted models were then used to calculate the fluxes in and out of the cells and the concentrations in the extracellular space. The following results were obtained: (1) Cellular uptakes of lactate and alanine were both well described by familiar Michaelis-Menten kinetics. (2) The cellular output of [14C]-lactate from [14C]glucose declined with increase in the extracellular lactate concentration, whereas the cellular output of [14C]alanine from [14C]glucose rose with the extracellular alanine concentration. (3) Half-saturation values for cellular uptake, determined from the fitted equations, were 0.45 mM for lactate and 1.17 mM for alanine, both several-fold lower than less relevant estimates for the whole tissue made directly from the uptake observations. (4) As much as 45% of the carbon in the glucose consumed was released into the extracellular space as lactate and alanine, but much of this was reabsorbed. Implications for brain metabolism are discussed.